Compound injections of oxycodone and hydrocotarnine are currently used as one of the treatment options for some cases with cancer pain. However, there have been no reports examining the factors that influence oxycodone and hydrocotarnine clearance, so detailed examination is necessary. As for hydrocotarnine, there have been no reports examining the pharmacokinetics. Therefore in this study, we determined the pharmacokinetics of oxycodone and hydrocotarnine in patients with cancer pain. The study was conducted on 19 patients, in whom pain control was attempted by using the compound injections of oxycodone and hydrocotarnine. We used HPLCelectrochemical detector (ECD) to determine oxycodone and hydrocotarnine serum concentrations, and used the nonlinear least-squares method (MULTI) for calculation of the pharmacokinetic parameters. Furthermore, we examined the factors that influence the clearance of oxycodone and hydrocotarnine by multiple regression analysis (step wise method). The pharmacokinetic parameters were as follows: Oxycodone; V d ‫5.501؎7.622؍‬ l (mean؎S.D.), CL‫1.52؎9.73؍‬ l/h, t 1/2 ‫9.1؎1.4؍‬ h. Hydrocotarnine; V d ‫2.732؎8.672؍‬ l, CL‫3.46؎1.59؍‬ l/h, t 1/2 ‫7.0؎0.2؍‬ h. The clearance of oxycodone represented by a regression formula was significantly correlated to the age, the presence or absence of within 7 d on the death or liver metastasis, or of the heart failure of the patients. The clearance of hydrocotarnine represented by a regression formula was significantly correlated to the presence or absence of within 7 d on the death or liver metastasis, or of the heart failure of the patients. The clearance also indicated that oxycodone concentration in the blood was likely to be higher in patients having these factors. Oxycodone/hydrocotarnine compound injections should be used with caution and dose reduction may be necessary in such populations.
Palliative care for cancer pain following the WHO's three step ladder is now world wide established therapy. Recently in Japan, new strong opioids have been placed on the market in succession-transdermal fentanyl (Durotep ® Patch) in March 2002, and oral controlled-release oxycodone tablets (Oxycontin ® ) in July 2003. However, supplies of drug formulations for potent opioids are still insufficient. There is no oxycodone preparation available in a single injection dosage form. Nowadays, along with the increase in the use frequency of controlled-release oxycodone, injectable oxycodone has become the opioid of choice. For those cases, we select the compound injections of oxycodone and hydrocotarnine that has been used so far. However, it is impossible to design a detailed dosage that matches the various patients' conditions because no report has examined the variation factors of oxycodone and hydrocotarnine clearances. As for hydrocotarnine, there are no reports that examine the pharmacokinetics. Therefore, in this study, we measured the serum concentration levels of oxycodone and hydrocotarnine in patients with cancer pain in order to determine the pharmacokinetics of these drugs. Furthermore, the pharmacokinetic parameters of each drug were computed and the variation factors of drug clearance were evaluated.
MATERIALS AND METHODS

Patients
The study was conducted on 19 patients with cancer pain who had been admitted to the Department of Anesthesiology of our hospital between February 2003 and October 2006, and in whom pain control was attempted by using the compound injections of oxycodone and hydrocotarnine (pavinal ® injection). Approval for the use of the compound injections of oxycodone and hydrocotarnine and determination of the serum concentration were obtained from the ethics committee of our hospital prior to the start of the study. In addition, written informed consent was obtained from each patient or his/her family prior to his/her participation in the study.
Dosing and Sampling Procedures. Dosing and Sampling The compound injections of oxycodone and hydrocotarnine were administrated continuously intravenously or subcutaneously, or as an intravenous infusion. Blood samples were collected at the following schedules for the determination of oxycodone or hydrocotarnine serum concentrationscontinuous intravenous or subcutaneous infusions: 4, 8, 12, 24 and 48 h after the infusion; intravenous drip: just after the infusion, 2 and 6 h after the infusion.
Serum Concentration Measuring Oxycodone and hydrocotarnine serum concentrations were determined by HPLC (high-performance liquid chromatography) using ECD (electrochemical detector), using the method we had developed. 1) Chromatograms were obtained using a PU-2080 pump (Nihon Bunko) equipped with an electrochemical detector, Coulochem II5200A and MODEL 5020 (MCMEDICAL). An XTerra ® RP18 column (5 mm, 4.6 mmϫ50 mm i.d., Waters, Japan) at an ambient temperature (40°C) was used to separate the oxycodone, hydrocotarnine, and codeine (internal standard). The separation of the oxycodone, hydrocotarnine and codeine was achieved using an eluent of methanol : acetonitrile : 5 mM pH 8 phosphate buffer (2 : 1 : 7). The voltage of the working electrode of the electrochemical detector was set at 800 mV. Blood samples (2.0 ml) were immediately centrifuged at 3000 rpm for 10 min. To 1.0-ml serum sample (standard or unknown) was added 100 ml codeine (internal standard, 25 ng/ml), 0.5 ml 4 M NaOH, and 4 ml butyl chloride. The samples were then mixed for 15 min, centrifuged for 10 min at 3000 rpm, and the butyl chloride (top layer) was transferred to a clean glass tube. The remaining aqueous layer was extracted by another 4 ml butyl chloride using the same procedure. The combined butyl chloride extract was then evaporated. The dried residue was reconstituted in 200 ml mobile phase, and 40 ml solution was injected into the HPLC.
Pharmacokinetics and Variation in the
Data Analysis The pharmacokinetic parameters were calculated by the nonlinear least-squares method (MULTI) 2, 3) that used the one-compartment model. And multiple regression analysis (step wise method) was used to examine the influence on the clearance of oxycodone and hydrocotarnine. We established the following indicators as predictive factors-age, gender, weight, average blood pressure, AST, ALT, serum creatinine, creatinine clearance, within 7 d on the death, liver metastasis or heart failure.
All statistical analyses were performed with SPSS 14.0J (SPSS Japan Inc.) for Windows statistical package. A p value of less than 0.05 was considered statistically significant.
RESULTS
Patients Background
The backgrounds of subjects were as follows: 14 males and 5 females; blood collection timespoints, 42; age, ranging from 36 to 79 years; body weight, ranging from 40.3 to 71.8 kg. These data indicate that this patients population was derived from a wide range of backgrounds and represented a general population of patients suffering from cancer pain. The general characteristics of the subjects are listed in Table 1 .
Serum Concentration and Pharmacokinetic Parameters Total sampling points were 42, and in 8 patients it was 2174 Vol. 30, No. 11 Table 2 ).
The Factors Influencing the Clearance of Oxycodone and Hydrocotarnine
The clearance of oxycodone represented by a regression formula was significantly correlated to the age, the presence or absence of within 7 d on the death or liver metastasis, or of the heart failure of the patients. Regression expression: oxycodone clearanceϭϪ1.459ϫ(age)Ϫ 18.876ϫ(within 7 d on the death, liver metastasis or heart failure)ϩ134.994 (multiple correlation coefficient (R)ϭ 0.719, coefficient of determination (R 2 )ϭ0.517, pϭ0.001) ( Table 3) . And there was good correlation between hydrocotarnine clearance and the following factors: within 7 d on the death, liver metastasis or heart failure. Regression expression: hydrocotarnine clearanceϭ73.402ϫ(within 7 d on the death, liver metastasis or heart failure)ϩ116.395 (multiple correlation coefficient (R)ϭ0.536, coefficient of determination (R 2 )ϭ0.287, pϭ0.027) ( Table 3 ). Furthermore we divided subjects into 2 groups (group A, B), and compared their oxycodone clearance or hydrocotarnine clearance by Mann-Whitney's U test. Group A included patients whose rest of time to death were 8 d or more, no liver metastasis or no heart failure. And group B included patients who were within 7 d on the death, liver metastasis or heart failure. As a result, the oxycodone clearance of group A and B were respectively 43.9Ϯ27.2 (meanϮS.D.) and 20.4Ϯ8.8. While hydrocotarnine clearance of group A and B were respectively 119.4Ϯ64.4 and 50.6Ϯ35.1. The mean clearance of oxycodone and hydrocotarnine were about twice in group A compared with B, and were statistically significant (oxycodone: pϭ0.035, hydrocotarnine: pϭ0.044, Fig. 3 ). And there was good correlation between oxycodone clearance and age (rϭ0.666, Fig. 4 ). But there was no correlation between hydrocotarnine clearance and age (rϭ0.216, Fig. 4 ).
DISCUSSION
The compound injections of oxycodone and hydrocotarnine contains 8 mg of oxycodone hydrochloride and 2 mg of hydrocotarnine hydrochloride. Hydrocotarnine is a non-narcotic opium alkaloid discovered in 1871. The pharmacologic action belongs to the codeine, and it has an analgesic effect, respiratory depressant effect, anesthetizing effect, and stiffening convulsion appearance effect in the laboratory animal. 4) It is reported that hydrocotarnine is added to reinforce the action of oxycodone, 5) but the effect of hydrocotarnine is uncertain and no report contains any evidence of this. Oxycodone is the most commonly used opioid among analgesics for the relief of moderate-to-severe pain and is a mu and kappa opioid receptor agonist. 6, 7) It was synthesized as a half synthetic conductor of tebain, a natural alkaloid, in 1916. Compared with morphine, the analgesic effect is just as good or 2/3 as good, 8) the adverse effects are just as bad, 9) and delirium and nausea/vomiting episodes are fewer.
9,10) Oxycodone is metabolized mostly in the liver and oxymorphone, the metabolite of oxycodone metabolized by CYP2D6, 11) is pharmacologically active. [12] [13] [14] However, it is thought that oxymorphone has no particular influence on the analgesic effect and the side effects of oxycodone because it is an ultra small amount. 15) In this study, the pharmacokinetic parameters of oxycodone and hydrocotarnine were calculated and determined for the mobilizing factor of drug clearance to design a detailed dosage for each condition. As a result, oxycodone pharmacokinetic parameters were calculated as follows: CLϭ37.9 l/h, V d ϭ226.7 l. Compared with the value reported in other countries (CL; 46.8 l/h, V d ; 2.6 l/kg), 16 ) CL showed a low value and V d showed a high value. Oxycodone clearance was low in our patients with cancer pain. Cancer There was good correlation between oxycodone clearance and age (rϭ0.666). There was no correlation between hydrocotarnine clearance and age (rϭ0.216). Symbol: ᭺, patients who were within 7 d on the death, liver metastasis or heart failure; ᭹, patients whose rest of time to death were 8 d or more, no liver metastasis or no heart failure.
patients generally have a decreased vital function and often have a different level of metabolic enzyme expression in the liver. The low clearance observed may be accounted for by delayed elimination of the drug associated with cancer patients' poor health condition. In contrast, V d was high; it was probably due to changes in the distribution volume of oxycodone in tissues which was caused by edema and loss of body fat occurring secondary to cancer. And in our study, hydrocotarnine pharmacokinetic parameters were calculated for the first time in the world. CL and V d of hydrocotarnine are higher than those of oxycodone and each value is as follows:
The clearance of oxycodone represented by a regression formula was significantly correlated to the age, the presence or absence of within 7 d on the death or liver metastasis, or of the heart failure of the patients. Approximately 80% of oxycodone is metabolized by the liver in vivo and 20% is excreted from the kidneys as an unchanged drug. 17) One of the impediments that reduces oxycodone clearance is aging, which causes a decrease in renal and hepatic functions. Oxycodone clearance may also be considerably altered with changes in liver blood flow because of the high clearance of 46.8 l/h (ϭ780 ml/min), 16) and accordingly it is expected to decrease when hepatic blood flow is impaired. However, taking account of the high bioavailability of 60% 18) and 87%, 19) the oxycodone clearance, a metabolized amount of oxycodone, is overestimated and unlikely to be that large. Furthermore, changes in liver metabolic enzyme activity can have some effects on oxycodone clearance. Taken together, it seems that the lack of hepatic blood flow and low metabolic enzyme activity significantly decreased oxycodone clearance of cases with fatal outcome within 7 d and those with liver metastasis or heart failure. Tallgren M. et al. 20) reported that the mean elimination half-life shortened from 13.9 to 3.4 h in liver transplant patients treated with intravenous oxycodone before and after transplantation. This is consistent with our results and suggests hepatic metabolism has influence on oxycodone clearance to some degree. Factors influencing hydrocotarnine clearance were investigated using the same predicting factors as oxycodone because there was no pharmacokinetic data and its elimination site was unknown. As a result, within 7 d on the death and the presence or absence of liver metastasis or heart failure, were found to be significant factors for fluctuation. Since the hydrocotarnine clearance was estimated as high as mean 95.1 l/h (ϭ1585 ml/min) in this study, changes in liver blood flow may alter the clearance.
